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Syllabus

• Introduction and Background

• Measure of Information

– Entropy

– Mutual Information

• Distortionless Source Coding

• Channel Coding for Noisy Channels

• Rate Distortion Theory
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Deep Space Communications
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Transmitter

• Matches the message to the channel
• Operations: Amplification, Modulation
• Modulation encodes the message into the 

amplitude, phase or frequency of the carrier signal 
(PSK, FSK, QAM, OFDM,PAM,PPM)

• Advantages: 
– Reduce noise and interference
– Multiplexing
– Channel assignment

• Examples: TV station, 802.11, cellphone BS
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Receiver
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• Extracts message from the received signal

• Operations: Amplification, Demodulation, 
Filtering

• Goal: The receiver output is a scaled, delayed 
version of the message signal (ideal 
transmission)

• Examples: cellphone



Channel
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• Physical medium that that the signal is 
transmitted through

• Examples: Air, wires, coaxial cables, fiber optic 
cables

• Every channel introduces some amount of 
distortion, noise and interference



Noise
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• Internal and External Noise

• Internal Noise: Generated by components 
within a communication system (thermal 
noise)

• External Noise: 

– Atmospheric noise (electrical discharges)

– Man-made noise (ignition noise)

– Interference (multiple transmission 
paths - multipath)



Channel Capacity
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• An important question for a communication 
channel is the maximum rate at which it can 
transfer information. 

• There is a theoretical maximum rate below which 
information can be transmitted error free over the 
channel, called the channel capacity C. 

• The channel capacity C is given by 

C=W*log(1+(P/N)) b/s

where W is the bandwidth, P/N is the signal-to-noise 
ratio.



Fundamental Limitations
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• There are two factors that determine 
the capacity of a channel:

– Bandwidth (W)

– Signal-to-Noise Ratio (SNR)

– Ratio of the average signal power to 
the average noise power



Applications of Information Theory

• Communication systems

• Statistical physics

• Computer science - complexity

• Probability and statistics

• Economics and Investing; Gambling

• Mathematics - inequalities
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Claude Shannon (1916-2001)

12



A Mathematical Theory of 
Communications, BSTJ July, 1948

``The fundamental problem of communication is 
that of reproducing at one point exactly or 
approximately a message selected at another 
point. … If the channel is noisy it is not in general 
possible to reconstruct the original message or 
the transmitted signal with certainty by any 
operation on the received signal.’’
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Types of Information

• Syntactic Information

– Related to the symbols that make up the message

• Semantic Information

– Related to the meaning of the message

• Pragmatic Information

– Related to the usage and effect of the message

14



Example

1. John was brought to the airport by a taxi.

2. A taxi brought John to the airport.

3. There was an accident on Highway 1 
between Duncan and Nanaimo.

4. There was an accident on Highway 1.
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How is Information Measured?

• John hit a tree with a rock.

• John hit a tree with a rock from a distance of 
300m.
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Information Theory Topics

• Measurement of information

• Limits on the amount of information that can 
be transmitted

• Limits on the compression of information

• How to construct systems which approach 
these limits
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History of Information Theory
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1838 S.F.B. Morse

1924 H. Nyquist

1928 R.V.L. Hartley

1940 A. Turing

1946 R.E. Hamming

1948 C.E. Shannon

1951 S. Kullback and 
R.Leibler
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Information Measures
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Self Information
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Entropy
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